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Mitochondrial neurogastrointestinal encephalomyopathy (MNGIE) is an extremely rare and fatal metabolic disorder with an autosomal recessive mode of inheritance. MNGIE is caused by mutations at the level of a nuclear gene involved in the pyrimidine deoxyribonucleosides metabolism, thus indirectly affecting the replication and the expression of genes in the mitochondria \[[@B1], [@B2], [@B3]\]. The prevalence of MNGIE worldwide is estimated to be \<10 in a million \[[@B4]\] with around 200 patients with MNGIE identified in the world \[[@B5]\]. MNGIE is a progressive and degenerative disorder in which several organ systems are involved, and it is associated with high morbidity \[[@B3]\]. Although the clinical picture is usually complex, the main symptoms are gastrointestinal (GI) dysmotility, peripheral neuropathy, progressive external ophthalmoplegia, cachexia, diffuse leukoencephalopathy seen on magnetic resonance imaging (MRI) of the brain, and evidence of dysfunctionality of the mitochondria \[[@B6]\]. Patients typically present with these clinical symptoms during their 20s and 30s, while the average age of onset is 19 years \[[@B7]\]. The most prominent features in MNGIE are the GI symptoms which involve vomiting, constipation/diarrhea, and episodes of pseudo-obstruction. These symptoms lead to weight loss and cachexia in a progressive fashion. Moreover, and as implied by the name of the disorder, patients with MNGIE present with neurologic symptoms, with peripheral neuropathy, ophthalmoparesis, and hearing loss being the most common \[[@B2], [@B7]\]. The neurologic symptoms are mild and less severe than the GI symptoms \[[@B7]\]. The extremely low prevalence of MNGIE and the multiple organ systems involvement paint a complex clinical picture leading to a delay in the diagnosis. Certain authors in the literature estimate a delay in the diagnosis between 5 and 10 years \[[@B8]\]. Moreover, the patient may be subjected to invasive medical interventions, such as exploratory abdominal laparotomies. The diagnosis requires an interdepartmental approach due to the multiple organ systems involved and the wide clinical picture. A delayed diagnosis is associated with a worse prognosis. MNGIE should be suspected when the patient presents with both neurologic and GI symptoms; especially when leukoencephalopathy is found on MRI and there is involvement of the ocular system. Once MNGIE is suspected, the confirmatory diagnosis is made via the combination of Sanger sequencing of TYMP gene and checking for urine and plasma levels of thymidine and deoxyuridine \[[@B9]\].

MNGIE is caused by mutations in the nuclear gene TYMP which encodes the enzyme thymidine phosphorylase (TP) \[[@B2]\]. Mutations affecting the TYMP gene lead to the accumulation of thymidine and deoxyuridine in the plasma and tissue; hence its use in developing the diagnosis of MNGIE. As such, MNGIE can be described as a result of an intergenomic communication defect in which mutations in a nuclear gene affect the expression of mitochondrial genes \[[@B7]\]. Other diagnostic methods for MNGIE include clinical examination, TP activity, MRI, electrodiagnostic procedures, and biochemical findings \[[@B3]\]. There are no specific modes of therapies for MNGIE; rather, patients are managed symptomatically while considering each patient as an individual \[[@B3]\]. Laforce et al. \[[@B10]\] reported that the average age of death for patients with MNGIE is 37 years.

Herein, we present the case of a 40-year-old male patient presenting with neurogastrointestinal symptoms and diagnosed with MNGIE.

Case Report {#sec1_2}
===========

A 40-year-old male patient born to nonconsanguineous parents presented to our hospital for more than 15 episodes of nonbloody, nonmucoid diarrhea associated with severe diffuse abdominal pain and vomiting of 30 days duration. The patient concurrently complained of severe weight loss, visual problems, progressive bilateral hearing loss, and progressive distal muscle weakness more prominent in the lower extremities of 2 years duration.

He recalls neurological symptoms beginning at the age of 27 years with episodes of intermittent bilateral blurry vision which would later resolve on their own. At the age of 32 years, the visual symptoms reemerged with worsened blurry vision and diplopia. After presenting to an ophthalmologist, a brain MRI was ordered with no significant findings at that time.

Aged 40 years, the patient presented to our hospital for the aforementioned complaints. He reported a significant weight loss of 18.5 kg representing a 34.4% decrease of his initial weight (∼55.4 kg) over the course of 2 years despite normal food intake. He also described postprandial episodes of nonbloody, nonbilious vomiting associated with diffuse abdominal pain for the last 8 months. The patient denied any symptoms of body dysmorphia or laxative abuse. On physical examination, the patient looked cachectic with a current body mass index (BMI) of 13.06 kg/m^2^. The patient had mild bilateral ptosis and ophthalmoplegia along with decreased sensations and proprioception in the lower extremities. The patient was also experiencing mild-to-moderate weakness of the upper and lower extremities and showed hyporeflexia in the upper extremities, while the reflexes were absent in the lower extremities. The motor weakness was more prominent in the lower extremities, leading to the patient\'s inability to ambulate without the assistance of a cane. Moreover, no weakness was to be reported upon flexion and extension of the neck, with absent pathological reflexes. The abdominal examination was negative for any tenderness or organomegaly.

On laboratory workup, the patient was found to have a mild increase in the hepatic enzyme AST with a value of 91 IU/mL. ALT was 33 IU/mL, and GGT was 341 IU/mL. The lipid panel revealed cholesterol levels of 201 mg/dL and triglyceride levels of 401 mg/dL.

The patient was found to have elevated levels of blood lactate (4.82 mmol/L) and elevated blood pyruvate levels (0.28 mmol/L). The complete blood count, thyroid function tests, arterial blood gases, metabolic tests (urine organic acids and blood-urine amino acids), and creatine kinase levels all returned normal. The results of the pulmonary function test, done to assess the function of the patient\'s lungs, were in favor of a mild restrictive lung disease. An audiogram was also performed to assess the patient\'s complaints of hearing loss, and it showed bilateral sensorineural hearing loss, while the electromyography showed severe neuropathy with demyelination suggestive of associated myopathy.

For the evaluation of the GI symptoms, the patient underwent stool analysis and an esophagogastroduodenoscopy with gastric, duodenal, and ileal biopsies, all of which returned with negative results with the biopsies showing no evidence of active inflammation, mucosal changes of chronicity, specific granulomas, or parasite. Moreover, a colonoscopy with superficial colonic biopsies was performed showing no evidence of thickening of the subepithelial basement membrane or evidence of intraepithelial lymphocytosis. The patient underwent a computed tomography scan of the abdominopelvic area revealing diffuse dilated fluid filling the small bowel loops without any evidence of bowel obstruction. Due to persistent and severe GI symptoms, the patient underwent a second colonoscopy with mucosectomy for deeper tissue studies. The pathology sections showed colonic tissue with normal mucosa, intact muscularis mucosa, and mildly cauterized submucosa. Ganglion cells were seen in the submucosal plexus showing features of intracytoplasmic eosinophilic inclusions consistent with megamitochondria (Fig. [1a, b](#F1){ref-type="fig"}). The appearances were consistent with mitochondrial inclusions. Clinical and genetic studies were advised for the diagnosis.

Although no previous brain MRIs were available for comparison, the brain MR images demonstrated T2 FLAIR hyperintensity within the periventricular white matter, more so posteriorly, with minimal faint extension to the subcortical areas in both frontal lobes and in both temporoparietal areas (Fig. [1c, d](#F1){ref-type="fig"}). There were no findings of brainstem or posterior fossa involvement. The ventricles and the subarachnoid spaces were normal.

Taking into consideration the clinical presentation and the workup findings, subsequent metabolic evaluation showed elevated plasma and urine thymidine and deoxyuridine; these findings are consistent with TP deficiency. Genetic testing was performed revealing 2 heterozygous TYMP variants. The 1st variant was c.401C\>A p.(Ala134Glu), which was reported by Garone et al. \[[@B11]\]. The 2nd variant was c.1142T\>G p.Val256Phe, which was reported by Etienne et al. \[[@B12]\]. Thus, the diagnosis of MNGIE was confirmed.

Discussion {#sec1_3}
==========

We report a 40-year-old Lebanese man demonstrating the typical laboratory findings and clinical symptomatology of MNGIE disease with heterozygous mutations of the TYMP gene. Our patient displayed GI symptoms of chronic diarrhea, postprandial vomiting, and progressive weight loss with a BMI of 13.06 kg/m^2^ at the time of diagnosis. Biopsies obtained with colonoscopy revealed intracytoplasmic eosinophilic inclusions in the ganglion cells of the submucosal plexus consistent with megamitochondria (Fig. [1b](#F1){ref-type="fig"}), providing an important diagnostic clue towards MNGIE. Neurological symptomatology included self-resolving diplopia, ptosis, bilateral sensorineural hearing loss, peripheral neuropathy and hyporeflexia in the upper and lower extremities more prominent in the lower extremities. This correlated with MRI findings of T2 FLAIR hyperintensity in the periventricular white matter with extension into the subcortical areas in both frontal lobes and in both temporoparietal areas (Fig. [1c, d](#F1){ref-type="fig"}). The patient also exhibited myopathic symptoms, including muscular atrophy and marked weakness of the upper and lower extremity musculature, with electromyography consistent with severe neuropathy with demyelination suggestive of associated myopathy. GI biopsies were preferred to muscle biopsies as they are more reliable in MNGIE with muscle biopsies displaying inconsistent pathological changes \[[@B13]\]. This constellation of symptoms and findings led to a comprehensive metabolic evaluation which displayed elevated plasma and urine thymidine and deoxyuridine consistent with a defect in the TP enzyme. This was followed up with genetic testing where the patient was found to have heterozygous TYMP variants, confirming the diagnosis of MNGIE. Although our patient demonstrated features of MNGIE at the age of 27 years, there was a 13-year delay in being diagnosed, higher than the average reported delay in diagnosis of 5--10 years in the literature. Furthermore, the average age at death for MNGIE patients is 37 years usually secondary to their perilous nutritional status \[[@B10]\] with our patient being 40 years old at the time of diagnosis. This may be due to heterozygous TYMP variants manifesting at a later age and in milder forms secondary to residual TP activity \[[@B14]\]. This delay in diagnosis shows the importance of a complete neurological exam and testing muscle strength in patients presenting with GI dysmotility.

TP is a catabolic enzyme that plays an important role in pyrimide salvage and catalyzes phosphorolysis of the nucleosides thymidine or deoxyuridine to their respective bases thymine or uracil \[[@B2]\]. Mutations leading to loss of function or reduced activity of TP lead to increases in systemic levels of thymidine and deoxyuridine, sometimes reaching levels 100-fold higher than controls. While TP is highly expressed in various tissues, such as the liver, lungs, spleen, platelets, and lymphocytes, it is only expressed in very low levels in skeletal muscle. However, skeletal muscle is one of the tissues primarily affected by MNGIE; this is due to toxic accumulation of thymidine and deoxyuridine. This elevated thymidine and reduced pyrimidine salvage also indirectly causes the other features of MNGIE \[[@B10]\]. Mitochondrial DNA depends on enzymes encoded by nuclear DNA for its transcription and replication, an example of intergenomic communication. TP mutations in the nuclear DNA lead to altered levels of nucleosides in mitochondria, ultimately causing mitochondrial DNA deletions, depletion, and somatic point mutations causing mitochondrial failure and ultimately cell death \[[@B2]\].

Many treatment modalities have been suggested for the management of MNGIE, such as platelet transfusions, which have been successfully used to transiently restore TP activity and reduce thymidine and deoxyuridine levels. Hemodialysis has been shown to decrease the levels of these toxic metabolites in the serum and urine, but not in the cerebrospinal fluid, with no improvement in neurological function. Allogenic stem cell transplantation, although a well-documented treatment modality for MNGIE, has many limitations, such as finding compatible donors, high rates of graft failure, as well as the risk of graft-versus-host disease. It is also associated with high morbidity and mortality secondary to most MNGIE patients being in a critical medical condition when diagnosed. Another treatment modality that has shown promising results is liver transplantation, with the liver exhibiting high levels of TP expression and normalization of thymidine levels after transplantation \[[@B15]\]. Hence, a collaborative effort between physicians and scientific researchers is needed to improve the quality of life for MNGIE patients. It is up to the former to reduce the excessive delay in diagnosing the disease, while the latter must continue to improve and optimize current treatment modalities as well as discovering new ones.
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![Colonic histology and brain MRI. **a** Colonic biopsy showing active inflammation and neuroganglion cell nests in rectal submucosa. HE stain, magnification ×40. **b** Colonic biopsy showing multiple round eosinophilic intracytoplasmic inclusions of megalomitochondria in submucosal ganglionic cells. HE stain, magnification ×200. **c** Axial T2 FSE brain MRI showing hyperintensity within the periventricular white matter anteriorly (blue arrows) but more so posteriorly (orange arrows) with minimal and faint extension to the subcortical areas in both frontal lobes (red arrow). **d** Axial T2 FLAIR brain MRI showing hyperintensity within the periventricular white matter anteriorly (blue arrows) but more so posteriorly (orange arrows).](crg-0014-0124-g01){#F1}
